The genus Clostridium as presently constituted is phylogenetically and phenotypically incoherent. Data from polyphasic taxonomic studies indicate that the genus comprises a collection of very heterogeneous species. Numerous phylogenetic studies, principally based on sequencing of the 16S rRNA gene, indicate that the genus Clostridium should be restricted to Clostridium cluster I as Clostridium sensu stricto. Despite these findings, authors continue to add novel species to the genus Clostridium that do not fall within the radiation of cluster I and the type species Clostridium butyricum, thus perpetuating the confusion associated with the taxonomy of this group. Here, we formally propose that members of the genus Clostridium Prazmowski be restricted to the type species C. butyricum and cluster I species. Eubacterium moniliforme, Eubacterium tarantellae, Sarcina maxima and Sarcina ventriculi should be transferred to the genus Clostridium as Clostridium moniliforme comb. nov., Clostridium tarantellae comb. nov., Clostridium maximum comb. nov. and Clostridium ventriculi comb. nov. A novel genus, Hathewaya gen. nov., is proposed for the species Clostridium histolyticum, Clostridium limosum and Clostridium proteolyticum as Hathewaya histolytica gen. nov. comb. nov., Hathewaya limosa comb. nov. and Hathewaya proteolytica comb. nov. The type species of the genus Hathewaya is Hathewaya histolytica.
The genus Clostridium was proposed in 1880 by Prazmowski with the type species Clostridium butyricum (Prazmowski, 1880) . Subsequently the genus Clostridium became a general depository for Gram-positive-staining, spore-forming, anaerobic organisms. At the time of writing, there are 228 species and subspecies of the genus Clostridium with validly published names (Parte, 2014) (http:// www.bacterio.net). The species of the genus Clostridium are extremely heterogeneous, with many species displaying a wide range of phenotypes including psychrophiles, thermophiles and acidophiles, and organisms that synthesize cytochromes and quinones. In addition, the G+C content of chromosomal DNA ranges from approximately 21 to 54 %, which is considered to be too extensive a range for a single genus (Rainey et al., 2009; Stackebrandt & Rainey, 1997; Wiegel et al., 2006) . Johnson & Francis (1975) began to pioneer molecular insights into the considerable diversity within the genus using DNA-rRNA pairing, this was later expanded using 16S rRNA oligonucleotide cataloguing studies (Ludwig et al., 1988; Stackebrandt, 1992; Tanner et al., 1981; Woese, 1987) . It was not until the advent of the complete (or almost complete) sequencing of the 16S rRNA gene that the true extent of the diversity of the genus and the interrelationships with other taxa was realized. Sequencing studies demonstrated that many species of the genus Clostridium were distantly related phylogenetically to the type species of the genus, C. butyricum, and in addition that species of a number of other genera were closely related to this type species (Cato & Stackebrandt, 1989; Dridi et al., 2011; Hutson et al., 1993a, b; Rainey et al., 1993) . Collectively, these studies established that the genus Clostridium was in need of revision and the first comprehensive effort was attempted by Collins et al. (1994) , who proposed a possible hierarchical framework for the classification of clostridia. A total of 19 clusters or groups (cluster I being recognized as comprising the 'true' representatives of the genus Clostridium sensu stricto on the basis of it containing the type species of the genus Clostridium, C. butyricum) were identified leading to the description of five new genera and proposal of eleven novel species combinations (Collins et 1994). Successive studies supported and expanded this framework (Finegold et al., 2002; Stackebrandt et al., 1999; Wiegel et al., 2006) (Fig. 1 ) with many organisms formally recognized as species of the genus Clostridium being transferred to new or established genera (Breitenstein et al., 2002; Cai & Dong, 2010; Gerritsen et al., 2014; Kaur et al., 2014; Lee et al., 1993; Liu et al., 2008; Moon et al., 2008; Rainey et al., 2009; Strömpl et al., 2000) -see Table S1 (available in the online Supplementary Material). However, the reclassification of organisms that fall outside the Clostridium cluster I continues, and the reader should consult List of Prokaryotic Names with Standing in Nomenclature (Parte, 2014 ; http://www.bacterio.net), which is updated regularly on publication of the International Journal of Systematic and Evolutionary Microbiology (IJSEM).
In addition to phylogenetic studies based on comparisons of 16S rRNA gene sequences, Gupta & Gao (2009) identified three conserved indels in three highly conserved proteins (a 4 aa insert in DNA gyrase A, a 1 aa deletion in ATP synthase beta subunit and a 1 aa insert in ribosomal protein S2) that were unique to the species of Clostridium cluster I; these conserved indels were not found in any other known bacterial species for which sequences are available (Gupta & Gao, 2009 ). Yutin & Galperin (2013) provided a potentially important addition to the restructuring of the clostridia using genomic analyses to investigate Gram-negative-staining sporeformers and other misplaced clostridia. This study, based on a concatenated set of 50 widespread ribosomal proteins with the trees for beta subunits of the RNA polymerase (RpoB) and DNA gyrase (GyrB) and with the 16S rRNAbased phylogeny, resulted in the proposal of a number of novel genera (Yutin & Galperin, 2013) . These descriptions do not comply with the Bacteriological Code and, therefore, the names cannot be validly published in the IJSEM.
Although it is now generally accepted that Clostridium cluster I represents the true genus Clostridium and the species included in it should be recognized as Clostridium sensu stricto, an anomaly was revealed when a number of species assigned to the genera Anaerobacter, Eubacterium and Sarcina were found to fall within the radiation of Clostridium cluster I (Rainey et al., 2009; Wiegel et al., 2006) . On the basis of these observations, in their chapter on the genus Clostridium in Bergey's Manual of Systematic Bacteriology, Rainey et al. (2009) transferred Anaerobacter polyendosporum to the genus Clostridium (Rainey et al., 2009) . The species Eubacterium moniliforme and Eubacterium tarantellae are phylogenetically distant to the type species of the genus Eubacterium, namely, Eubacterium limosum, and these two species should be transferred to the genus Clostridium. The situation with the genus Sarcina is more complex as this genus was first proposed in 1842 by Goodsir some 38 years prior to the genus Clostridium (Prazmowski, 1880) giving the genus Sarcina nomenclatural priority over the genus Clostridium (Goodsir, 1842; Prazmowski, 1880) . Consequently, one could interpret this as meaning all members of the genus Clostridium should be transferred to the genus Sarcina. Clearly, with numerous organisms being of clinical significance (Clostridium botulinum, Clostridium perfringens, Clostridium novyi, Clostridium septicum) it would cause consternation and confusion amongst the scientific and, especially, the medical community. However, the Bacteriological Code comes to our aid in Rule 24, which states 'Priority of publication dates from 1 January 1980. On that date all names published prior to 1 January 1980 and included in the Approved Lists of Bacterial Names of the ICSB are treated for all nomenclatural purposes as though they had been validly published for the first time on that date, the existing types being retained'. Therefore, both genera Clostridium and Sarcina (the latter with just two species) have equal standing in the nomenclature, and the date of priority of valid publication of both genus names is 1 January 1980. Furthermore, support for retaining the names of medically important species comes from the Code with Rule 56 (5) 'perilous names (nomina periculosa), i.e. names whose application is likely to lead to accidents endangering health or life or both or of serious economic consequences'. The transfer of all species of the genus Clostridium to the genus Sarcina would clearly pose a problem and fall into this category.
The taxonomy of the genus Clostridium is in a continued state of flux and several important issues remain with medically important species both within (C. botulinum complex) and outside rRNA cluster I (Clostridium difficile); it is beyond the scope of this article to address all outstanding problems. Although Clostridium cluster I represents the true genus Clostridium and should be recognized as Clostridium sensu stricto, unfortunately authors continue to assign organisms to the genus Clostridium even when it is obvious using 16S rRNA gene sequence data that these novel organisms fall outside of Clostridium cluster I. Therefore, we formally propose that members of the genus Clostridium Prazmowski be restricted to the type species of the genus, C. butyricum, and relatives in Clostridium cluster I. It is proposed that E. moniliforme, E. tarantellae, S. maxima and S. ventriculi be transferred to this genus as Clostridium moniliforme comb. nov., Clostridium tarantellae comb. nov., Clostridium maximum comb. nov., and Clostridium ventriculi comb. nov. We recommend that novel species that are unrelated to C. butyricum and fall outside of Clostridium cluster I should not be added to the genus Clostridium. A novel genus is also proposed to encompass proteolytic species designated rRNA cluster II, Hathewaya gen. nov., and that Clostridium histolyticum, Clostridium limosum and Clostridium proteolyticum be transferred to this new genus as Hathewaya histolytica gen. nov. comb. nov., Hathewaya limosa comb. nov. and Hathewaya proteolytica comb. nov. The type species of the genus Hathewaya is Hathewaya histolytica. 
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Clostridium acidisoli ATCC BAA-167 T (Y18813) Cells are predominantly rod-shaped, but may also be almost spherical; usually Gram-positive-staining at least in very early stages of growth, although in some species cells are observed as Gram-variable or even Gram-negative-staining. Motile or non-motile. When motile, cells usually possess peritrichous flagella. Most species are obligately anaerobic, although tolerance to oxygen varies widely; some species will grow but not sporulate in the presence of air at atmospheric pressure. The majority of species form oval or spherical endospores that usually distend the cell. Usually chemo-organotrophic; some species are chemoautotrophic or chemolithotrophic. Metabolically and physiologically diverse. Usually produce mixtures of organic acids and alcohols from carbohydrates or peptones. May be saccharolytic, proteolytic, neither or both. May metabolize carbohydrates, alcohols, amino acids, purines, steroids or other organic compounds. Some species fix atmospheric nitrogen. Do not carry out a dissimilatory sulfate reduction. Usually catalase-negative, although trace amounts of catalase may be detected in some strains. The cell wall usually contains meso-diaminopimelic acid (meso-DAP). For most species, growth is most rapid at pH 6.5-7 and at temperatures between 30 and 37 uC. Some species are thermophilic or psychrophilic. Acidophilic and alkaliphilic species are known. DNA G+C content is between 23 and 37 mol%. 16S rRNA gene sequence comparisons show C. butyricum to fall within the radiation of the Clostridium cluster I as defined by Collins et al. (1994) .
Description of Clostridium maximum comb. nov.
Clostridium maximum (ma9xi.mum. L. neut. adj. maximum greatest, largest).
Basonym: Sarcina maxima Lindner 1888 AL .
The description of Clostridium maximum is identical to that proposed for Sarcina maxima Lindner 1888, 54 AL .
Cells are Gram-stain-positive, nearly spherical, 2-3 mm in diameter, and occurring in packets of eight or more. The cells lack a cellulose outer layer. Reported to form oval spores (Knöll, 1965 The description is from a study of the type and 20 other strains (Moore & Holdeman Moore, 1986 ). Gram-positive-staining cells with young cultures are motile with peritrichous flagella. Cells of the type strain are 0.6-0.9 mm in diameter|1.7-9.4 mm long and occur singly and in short chains, often in palisade arrangement. Surface colonies on horse blood agar (2 days) are 2-8 mm, circular with irregular edges, pulvinate or umbonate, and opaque. Glucose broth cultures are turbid with a smooth sediment and a terminal pH of 5.0-5.6. All strains grow at 45 uC, most grow at 30 uC, and some grow at 25 uC. Moderate to good growth occurs in PY broth cultures. Growth is slightly greater in media with a fermentable carbohydrate. Growth is not affected by 0.02 % Tween 80 or 20 % bile. Abundant gas is produced in glucose agar deep cultures. The type strain does not produce lecithinase, but lecithinase activity is detected in some other strains. Ammonia is produced from peptone and arginine. The type strain ferments galactose, produces H 2 S in SIM medium, and reduces neutral red and resazurin. The type strain does not produce acetylmethylcarbinol, does not hydrolyse hippurate, and does not produce acid from adonitol, dextrin, dulcitol, glycerol, inulin or sorbose. Products (milliequivalents per 100 ml of culture) in PYG are acetic (0.5-2.5), butyric (1.3-2.3) and l (+) (or DL)-lactic (1.0-4.9) acids and butanol, sometimes with trace amounts of formic, propionic and succinic acids. Abundant H 2 is produced. The type strain converts pyruvate principally to acetate. Lactate is not utilized, and threonine is not converted to propionate. Of nine strains tested, four were resistant to erythromycin (3 mg ml
21
) and one was resistant to tetracycline (6 mg ml
). All strains are susceptible to chloramphenicol (12 mg ml 21 ), clindamycin (1.6 mg ml
) and penicillin G (2 units ml
). The DNA G+C content (mol%) has not been reported. Description of Clostridium tarantellae comb. nov.
Clostridium tarantellae (ta.ran.tel9lae. N.L. gen. n. tarantellae of tarantella, a fast, whirling dance; referring to the disease symptoms of the fish from which the species was isolated).
Basonym: Eubacterium tarantellae corrig. Udey, Young and Sallman 1977, 407 AL .
The description is from Udey et al. (1977) and studies of the type strain (Moore & Holdeman Moore, 1986) . In tissue and when initially isolated, cells are long, unbranched filaments. After several transfers in the laboratory, cells are 1.3-1.6|10.0-17.0 mm. No motility has been detected. Surface colonies on BHIA are 2-5 mm, flat, translucent, colourless, rhizoid, soft and slightly mucoid, with a distinct 'pinwheel' appearance. A large zone of b-haemolysis is present around colonies on sheep blood agar plates. Lecithinase is produced on EYA medium. In Brewer's thioglycollate medium, the species grows as discrete clusters, which are fluffy and filamentous. A slimy layer often surrounds the clusters of growth. After 48 h of incubation, PY broth cultures have smooth to cottony sediment, no turbidity and terminal pH of 5.3-5.8. Strains grow well at temperatures between 25 and 37 uC. Growth at 15 or 45 uC is marginal. Cells survive for 2 weeks at 4 uC, but there is no evidence of growth at this temperature. Cultures grow within 72 h in brain heart infusion broth (BHIB) adjusted to an initial pH from 5.6 to 8.0 but do not grow at pH extremes outside this range. The species does, however, survive for 24 h at pH 3.4 and 8.8. Growth occurs in Brewer's thioglycollate medium with 2 % (w/v) NaCl. Cells can be recovered after 24 h of incubation in concentrations of NaCl up to 10 % (w/v). DNase is produced. Moderate to abundant gas is produced in PYG agar deep cultures. Products (milliequivalents per 100 ml of culture) in PYG broth are acetic (1.5-5.0) and formic (1.0-5.0) acids often with trace amounts of lactic or succinic acids. Abundant H 2 is detected in headspace gas. Strains are sensitive (zones of inhibition surrounding the disc) to erythromycin, chloramphenicol, penicillin, tetracycline and novobiocin (concentrations not reported). Strains grow well in BHIB containing 100 mg gentamicin ml
, 100 mg neomycin ml 21 , or 300 units polymyxin B ml
. Vancomycin is inhibitory at 7.5 mg ml
. Blood agar with 100 mg gentamicin ml 21 is a highly selective isolation medium. The type strain is susceptible to chloramphenicol (12 mg ml 21 ), clindamycin (1.6 mg ml 21 ), erythromycin (3 mg ml
), penicillin G (2 units ml
) and tetracycline (6 mg ml Description of Clostridium ventriculi comb. nov.
Clostridium ventriculi (ven.tri9cu.li. L. n. ventriculus the stomach; L. gen. n. ventriculi of the stomach).
Basonym: Sarcina ventriculi Goodsir 1842, 437 AL .
The description of Clostridium ventriculi is identical to that proposed for Sarcina ventriculi Goodsir 1842, 437 AL .
Cells are Gram-positive-staining and arranged as packets of eight to several hundred or more. Large packets (e.g. consisting of approximately 60 or more cells) tend to have an irregular or distorted appearance. Frequently, cells in these packets exhibit flattened shapes and are irregularly arranged. A fibrous layer 150-200 nm thick, composed either totally or in great part of cellulose, is present on the outer surface of the cell wall. This layer is absent in some strains. Reported to form spherical spores (Knöll, 1965) . Subsurface colonies in agar media are star-shaped or irregularly cubical, and measure up to several mm in diameter. Surface colonies (anaerobic) are roundish, often with rugged edges. Carbohydrates are fermented. Amino acids are not fermented. The main products of glucose fermentation are ethanol, acetate, CO 2 and H 2 . Two strains studied required two vitamins (biotin, nicotinic acid) and 11 amino acids for growth in addition to a fermentable carbohydrate and inorganic salt. Temperature optimum for growth is 30-37 uC. DNA G+C content: 30.6+1 mol% (buoyant density).
Isolated from soil, mud, contents of diseased human stomach, rabbit and guinea pig stomach contents, elephant dung, human faeces and the surface of cereal seeds.
Type strain: ATCC 19633 T 5ATCC 29068
Description of Hathewaya gen. nov.
Hathewaya (Ha.the.way9a N.L. fem. n. Hathewaya to honour the late American microbiologist Charles L. Hatheway in recognition of his outstanding contributions with dealing with pathogenic clostridia).
Cells are Gram-stain-positive, straight-rod-shaped and are strictly anaerobic. May be motile or non-motile. Growth is observed between 30 and 45 uC with an optimum of 37 uC and pH 6.0-8.5. Acetate is the major product from fermentation in PYG. Proteinaceous substrates are preferred to carbohydrates and the organisms tend to be proteolytic in nature. Spores are observed. Type species is Hathewaya histolytica (basonym: Clostridium histolyticum Bergey,
Harrison, Breed, Hammer and Huntoon 1923, 328 AL . Based on 16S rRNA gene sequencing, species are located in the radiation of the cluster II of the clostridia as defined by Collins et al. (1994) .
Description of Hathewaya histolytica comb. nov.
Hathewaya histolytica (his.to.ly9ti.ca. N.L. fem. adj. histos tissue; Gr. adj. lutikos dissolving; N.L. neut. adj. histolytica tissue-dissolving).
Synonym: Clostridium histolyticum (Weinberg and Séguin 1916) Bergey, Harrison, Breed, Hammer and Huntoon 1923, 328 AL .
The description of Hathewaya histolytica is identical to that proposed for Clostridium histolyticum (Weinberg and Séguin 1916) Bergey, Harrison, Breed, Hammer and Huntoon 1923, 328 AL .
Cells in PYG broth culture are usually motile via peritrichous flagella, straight rods, Gram-stain-positive, 0.5-0.9|1.3-9.2 mm, and occur singly, in pairs or in short chains. Spores are oval, central to subterminal, and may slightly swell the cell. There are no exosporium or appendages. Sporulation of most strains occurs most readily in chopped-meat broth cultures. Cell walls contain meso-DAP, glutamic acid and alanine. Surface colonies on blood agar plates incubated anaerobically are b-haemolytic, 0.5-2 mm in diameter, circular to irregular, flat to low convex, translucent to semi-opaque, grey-white and shiny, with a mosaic or granular surface and an entire to undulate margin. Similar colonies are formed on blood agar plates incubated aerobically, but they are usually smaller and fewer in number. Spores are not formed during aerobic growth. The optimum temperature for growth is 37 uC; most strains grow nearly as well at 30 uC; there is moderate growth at 25 uC but little or none at 45 uC.
Although there is no pH depression, growth is stimulated by carbohydrate. Strains grow well at a pH of 8.5 but are inhibited by 6.5 % NaCl or by 20 % bile. Moderate amounts of gas are detected in PYG deep agar cultures. Strains are strongly proteolytic, digesting gelatin, meat, milk, casein, collagen, haemoglobin, fibrin, elastin, egg white, coagulated serum, muscle, liver, brain and Achilles tendon. DNase is produced by the one strain tested. The only major product detected in PYG broth is acetate; traces of formate, lactate or succinate are sometimes present. Small amounts of H 2 are produced; ammonia is produced; H 2 S is produced by four of 12 strains tested. Pyruvate is converted to acetate; neither lactate nor threonine is converted to propionate. Threonine is utilized, but the product is acetate. Glycine, glutamate, serine, aspartate and arginine are utilized as sources of energy; valine, leucine, isoleucine, lysine, proline and alanine are produced. Glycine is fermented to acetate, CO 2 and NH 3 . Only straight-chain fatty acids, principally saturated C 14 , C 12 , C 16 and C 18 acids with small amounts of unsaturated acids of the same chain length are present in cells of this species. All strains tested are susceptible to chloramphenicol, clindamycin, erythromycin, penicillin G and tetracycline. Under anaerobic conditions, strains are susceptible to 0.5-1.0 mg metronidazole ml 21 . As the O 2 level increases, they are increasingly resistant. Supernatant culture fluids are toxic to mice, although the degree of toxigenicity varies among strains and may be lost on subculture. In addition, as the culture ages, the active proteases of the organism may destroy the toxins. Strains are highly pathogenic to laboratory animals. Toxin found in faecal samples from guinea pigs with clindamycin-associated enterocolitis is neutralized by specific antitoxin to this species. Major lethal toxins are the a-toxin (necrotizing) and at least two collagenases (b-toxin). Collagenase from atoxic strains has been used to digest and remove necrotic tissue from burns. Principal habitat is probably the soil. DNA G+C content not reported.
Source: soil, war wounds, gas gangrene in humans and horses, human intestinal contents; gingival plaque of institutionalized and primitive populations. There is an increase in propionate in a threoninetrypticase-yeast extract-thioglycollate medium over that detected in the basal medium. b-Phenylethylamine, isoamylamine and usually di-n-butylamine are produced. The methylaspartate pathway ferments glutamate. Indole and phenol are produced from fermentation of tryptophan and tyrosine, respectively, although indole formation is repressed in usual laboratory test media. Histidine is also fermented. All strains tested are susceptible to chloramphenicol, erythromycin, penicillin G and tetracycline; the one strain tested was resistant to clindamycin. Supernatant culture fluids of some strains are weakly toxic to mice; some strains are pathogenic for guinea pigs. Pathogenicity appears to be related to the action of the collagenase and the lecithinase. Toxicity and pathogenicity are readily lost in laboratory cultures. DNA G+C content: 24.0 mol% (T m ).
Isolated from mud; infections in cattle, water buffalo, alligators and chickens; snake venom; home-preserved meat; human faeces; human clinical specimens including blood, peritoneal fluid, pleural fluids, and lung biopsy from pulmonary infections. 
